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Summary

« Steady and transient thermo-mechanical
effects drive life, reliability, and cost

* Design cycle needs upfront consideration of:
— fits, clearance, preload
— cooling requirements
— stress levels, LCF limits, HCF margin

« Data synthesis is needed from component
design tools
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* Pro-Engineer
e SDRC I-DEAS
e Catia, and Others

System Issues

~
Pushbuttton CFD o

FINE/TURBO ~
-~
(5) FEA

~
Postprocessing
* Campbell Diagram

Rotor Dynamics

RotorLab

e Gears .
» Motors e Seals . Ir?terference. Diagram
« Generators « Bearings e Life Evaluation

e Cooling

e Critical Speeds
e Unbalance Response

¢ Forced Response




SBIR Tool Development

« Use LNG turbopump design
during feasibility study
— 630 gpm at 29.6 krpm
— 37 Ibm/s

« Utilize existing component analysis tools to
drive assembly models

 Integration into collaborative environment, not
just interfacing separate tools
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Current Design System
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TMeanline 3D Blading & CFD Stress & Vibration

» Captures blade and disk stress,
vibration, thermals

» Misses radial and axial preload effects,
thermal conduction through bore
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Current Design System
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3D Blading & CFD Stress & Vibration

» Captures blade and disk stress,
vibration, thermals

» Misses radial and axial preload effects,
seal interaction, bore conduction
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Current Design System

. SHABERTH
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Captures nominal bearing, seal, and
shaft design

Misses radial and axial preload effects
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Thermo-Mechanical Design Tools

+ Utilize data from
component design
tools

— Rotor, shaft, housing
geometry

— Primary flow from
pump and turbine

— Internal cooling flow

— Bearing, seal, and
shaft design
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Thermo-Mechanical Design Tools

 Temperature, stress, deflection

 Blade clearance, seal clearance,
bearing race interference

* Thrust load, bearing preload
* Rotor clamp loads, shaft torque
« Stress results feed probabilistic models

TFAWS 01 Integrated Thermo-Mechanical Tools = Concepts NREC @ ‘/



ANEYS b.b.Z
JUN 21 2001
08:03:11
NODAL SOLUTION
STEP=1

SUBR =1

TIME=1

TEME {AVGE)
REYS=0
PowerGraphics
EFACET=1
AVRES=Mat

SMN =-252

SMY =65.195

7l
E=

—2502
-216.756
-181.512
-146.268
-111.024
-7oh.781
-40.537
-5.2593
29,5501
65,135

BUUOEOOEN ©




ANSYS 5.6.2
JUN 21 2001
16:30:04
WODAL SOLUTION
STEP=1

SUBR =1

TIME=1

TSUM {AVG)
REYS=0
PowerGraphics
EFACET=1
AVRES=Mat

DM =.122076
SMY =.122076
0
.013564
027128
LO040e92
L0bhd25e
06782
.081384
L054948
.108512
122076

BUUOREDEN




ANSYS 5.6.2
JUN 21 z001
1e:27:47
NODAL SOLUTION
STEP=1

SUBR =1

TIME=1

SEOW {AVGE)
PowerGraphics
EFACET=1
AVRES=Mat

DM =.122076
SMN =14.536
SM =177818

a

16000
32000
43000
54000
80000
9000
112000
128000
144000

BUUOBEDOEN




Life & Confidence Goals

Fixed Confidence Level Fixed Number of Cycles

Alternating Stress
Alternatind Stress
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Typical Transient Results
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Goals for Design Tool Integration

» Collaborative working environment

* Integrate with existing component
design and analysis tools

* Direct data sharing, including CAD files

 Extensible to other solvers and
applications

* Preserve intellectual property

%

TFAWS 01 Integrated Thermo-Mechanical Tools  Concepis NREC f/‘\é



Integration with CAD Kernel

[ C O n S i Ste nt a n d Application User Interface & Algorithms -12 Graphics Package
O pe n d ata fo rm at Kemel Callingiafr ry
« Combine geometry
and analytical

Foreign Geometry I Frustrum I Graphical Output I
custom curve & Virtual XT Files
- surface Memory Snapshot Files
* Direct support for | uiii |
e.g. proprietary Rollback Files
evalusio/s urnal Files

native CAD files
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Design Tool Integration

Assembly thermo-mechanics

Application X

g

Meanline

Parasolid

Database Agile
“Flow Options Blading & throughflow Framework
*Fluid Type Coordination
*Geometry between analysis
*Blades <«——» CFD @ codes
*Disks < - >
*Shaft Assembly &
*Bearings . . System
-Materiagls T Stress & vibration Optimization
*Cost Options -
+Life Options
*Machining - n
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Integration with Parasolid Data

Database

*Flow Options
=Fluid Type
=Geametry
*Blades
“Disks

-Shaft
Bearings
=Materials
=Cast Optians
sLife O ptions
=Machining

;

Agile
Eramework

.I Coordination
between analysis

CFD . codes
Assembly &
System
Optimization
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access geometry directly

3 Party
Application
A
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Integration vgh Design Framework

Meanline ‘
Agile
Framework
Blading & throughflow
Coordination
between analysis
CFD . codes
Assembly &
n Systern
Stress & vibration Oﬁ‘imiza‘inﬂ
Assembly thermo-mechanics 1

Application X

Database

=Flow Options
=Fluid Type
=Geometry
*Elades

=Cost Options
sLife Options
=Machining

OLE

- File open
- File save
- Refresh from file

- Manufacturability metrics
- Cost metrics

Weight

Agile

Application X
Framework
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Conclusions

* Thermo-mechanical analysis tool
provides upfront design capability

» Existing component design tools are
effectively leveraged

* Dual-use capability will give a broad
user base

 Parasolid kernel allows collaboration
with a wide applications base

%

TFAWS 01 Integrated Thermo-Mechanical Tools  Concepis NREC f/‘\é



	Return to Main Menu
	Return to Table of Contents
	Integrated Turbopump Thermo-Mechanical Design and Analysis Tools

